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Abstract Based on the assumption that the reduction of
the use of imported protein concentrates, such as soy-
bean from overseas, is a goal of ecologically sustainable
livestock production, this paper is discussing significant
aspects of dairy cows’ demand for dietary protein. These
aspects are put in a general context of rumen fermenta-
tion efficiency. The main question is, whether new
perspectives on optimal rumen functioning could be
found, which allow to develop low-input feed evalua-
tion systems for dairy cattle, especially in organic live-
stock systems. It is argued that besides the reduction in
concentrated feedstuff, such systems should base on
aspects of feeding behaviour and feed diversity. Such
approaches are expected to avoid nutrition-based meta-
bolic disorders of the cattle and to generate advanta-
geous side effects regarding food quality and ecology
coming along with low-concentrate feeding. An approx-
imate outline of topics for research and development in
order to achieve such systems is presented with this
paper.
Keywords Dairy cattle . Feeding concepts . Protein
concentrates . Feeding behaviour . Rumen fermentation
Introduction
Global needs for soybean as livestock feed are constant-
ly increasing and are considered as a serious environ-
mental and social problem (von Witzke et al. 2011).
Generally, and in particular related to soybean produc-
tion and nitrogen emissions from livestock, the global
land requirements for animal products increase and are
prospected to go far beyond the ecological capacity of
the earth within the few next decades (Pelletier and
Tyedmers 2010). Especially animal production in Euro-
pean countries relies to a very large degree on soybean
imports as the main vegetable protein source for almost
all livestock species. Whereas for monogastric species,
the possibility to resign dietary concentrates is limited,
the nutritional physiology of ruminants might allow for
considerable reductions in this field. Due to their diges-
tion physiology, which combines fermentation, chewing
and particle sorting, ruminants, in particular cattle, are
able to degrade plant fibres very efficiently (Clauss et al.
2010) and to gain metabolizable energy from roughages
which are poor in soluble carbohydrates like sugars or
starch. This is the big advantage of ruminants compared
to monogastric animals. Correspondingly, ruminants
developed a metabolic pathway to reuse blood urea as
a nitrogen source by secreting it into the rumen instead
of renal excretion and are thus also able to use dietary
nitrogen very efficiently (Van Soest 1994), especially
when the supply is low. Based on these considerations,
sustainable livestock systems should aim at reducing the
use of protein concentrates (soybean) in ruminants’ feed
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rations. Given that goal, it appears necessary to reassess
the need of dairy cows for dietary protein in high-
roughage feeding systems and to indicate the potential
and constraints for resigning or at least reducing dietary
protein concentrates.
Protein demands in dairy cow nutrition
The demand of dairy cattle for dietary protein is mostly
defined in the national feeding recommendations for
livestock. It is usually separated into requirements for
maintenance and for milk production and, for example,
based on usability (German system; GfE 2001) or ab-
sorbability (Swiss system; Agroscope 2013) at the ab-
omasum and duodenum. By this, the ruminal conver-
sion of feed into microbial protein is taken into account,
usually based on models which thoroughly consider the
contribution of the different feed components to micro-
bial fermentation and degradability of the diet. Thus, the
ruminal protein demand is defined in dynamic and
complex models. The endogenous part of the protein
demand is not described in such a dynamic way but
more or less fixed per kilogram of metabolic body
weight and kilogram of milk yield. These systems allow
calculating accurately the dietary demands for given
milk yields or—vice versa—the milk production poten-
tial of a given diet.
In practice, the farm extension programmes tend to
recommend rather too high than too low protein bal-
ances in order to be safe in maintaining highmilk yields.
One indicator for appropriate protein supply of a dairy
cow is the urea concentration in the milk, where mini-
mal thresholds are defined (Westwood et al. 1998),
beyond which a cow is expected to develop metabolic
disorders.
However, recent experiences in concentrate-free
dairy herds in Switzerland show that cows being fed
below their theoretical demands in dietary protein may
have clearly higher milk yields than calculated but, at
the same time, less veterinary cases than comparable
cows which receive protein concentrates according to
the system demands (Furger et al. 2013). These cows
showed low milk urea concentrations (<15 mg/dL), and
a low ruminal N balance, which both should indicate
deficiency in protein supply. The performance was how-
ever significantly higher than estimated, and no signs of
metabolic disorders appeared in these cows. In several
other recent studies comparing different dietary forages,
the diets with the lowest crude protein concentration led
to the highest partitioning rate of feed protein into milk
protein (Leiber et al. 2006; Kälber et al. 2011, 2012;
Staerfl et al. 2012), accompanied by the lowest milk
urea concentrations. It can be assumed that under the
specific conditions of the cited research work, the cows
reused a larger share of their blood urea via secretion
with saliva and directly into the rumen (rumino-hepatic
cycle; Van Soest 1994). This implies an efficient use of
nitrogen, meaning lower dietary demands and lower
excretion via urine into the environment and, at the same
time, higher partitioning of feed protein into milk
(Kälber et al. 2012). Furthermore, a lower dietary N
level leads to a lower metabolic need for endogenic
detoxification of rumen-derived ammonia (urea produc-
tion) which improves the metabolic status of the cow
(Westwood et al. 1998).
Summarizing, it appears that under optimal condi-
tions in low-concentrate feeding systems, a low dietary
protein supply can be less a problem but rather an
advantage for the cow’s metabolism and the environ-
ment. These optimal conditions, however, have to be
determined. Forage quality on the one hand and rumen
physiology on the other hand are of course the main
factors, as in the conventional feeding systems.
Rumen fermentation: is the maximum the optimum?
Contemporary feeding systems for dairy cows are usu-
ally aimed to achieve the maximum efficiency of rumen
fermentation and, at the same time, the maximum of
protein (amino acids) reaching the duodenum for ab-
sorption. However, there are a number of issues which
might serve to question whether the maximal rumen
function is really the optimum for the ruminant itself,
for the product quality, for the environment and thus,
finally, for the production system. The above consider-
ations about the optimal protein supply indicate that the
conventional feeding philosophy aiming at a maximum
rumen fermentation and microbial growth rate might
cause metabolic and environmental loads with N, which
are avoidable if the dietary protein is reduced. This
evokes the question whether a maximal rumen fermen-
tation rate is really the right goal in ruminant nutrition or
not.
There are other aspects supporting this question. One
should be given here as an important example:
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If the rumen fermentation and microbial modification
of nutrients would be 100 % efficient, all native plant
polyunsaturated fatty acids, which are essential for any
mammal (Sinclair et al. 2002), would be lost in the
ruminal biohydrogenation process (Chilliard et al.
2007). If no polyunsaturated plant fatty acids reach the
endogenous metabolism of a mammal, no nervous sys-
tem and no cell membranes could be developed. After
mobilization of all endogenous depots, the animal
would develop disorders and could finally not reproduce
any longer. Therefore, mechanisms must exist to steer
the ruminal fermentation process and to avoid too high
rates of biohydrogenation. One of these mechanisms
might be rumination (mastication): it not only has the
function of physical fibre degradation but it also brings
the material from the rumen in contact with oxygen in
the cow’s mouth during chewing. This inhibits the at-
tached rumen bacteria which are strictly anaerobe and
thus impairs the fermentation process. The chewing
process further activates plant enzymes like the poly-
phenol oxidase (PPO) via the contact with oxygen. The
PPO is described to inhibit bacterial activity in the
rumen, thus protecting essential polyunsaturated fatty
acids from being degraded by rumen bacteria (Buccioni
et al. 2012).
A further way of inhibiting ruminal bacterial process-
es is the ingestion of plants rich in secondary metabo-
lites, which therefore play an important role in ruminant
diets (Jayanegara et al. 2011; Bodas et al. 2012; Piluzza
et al. 2013). One effect of the plant secondary metabo-
lites is, again, the protection of polyunsaturated fatty
acids from biohydrogenation and their increased transfer
into the animals’ tissues (Kälber et al. 2011; Willems
et al. 2014).
Ruminants have been repeatedly demonstrated to be
able to select or avoid plants with specific secondary
compounds in fast and differentiated response to their
metabolic needs (Villalba et al. 2010; Lyman et al.
2011). The conclusion from these examples is that (1)
if ruminants are in need of protecting themselves from
maximal rumen fermentation in order to save certain
plant essentials and (2) if ruminants are able to steer their
own rumen metabolism via mastication and via feed
choice, complex interactions between the animal, the
feed-plant environment and the rumen microflora must
have developed evolutionary. A key factor in these
interactions is the steering of the rumen processes by
the feeding behaviour of the animal. This implies an
optimum which is clearly below the maximum
concerning fermentation rates.
Intensive feeding strategies aiming at maximum fer-
mentation rate ignore this ability of the ruminant and
they further ignore a probable need for feed choice in the
behavioural properties of the animal. The possible im-
plications for animal health are scarcely investigated, yet
(Villalba et al. 2010).
Further side effects of plant secondary compounds
are important for livestock systems: The protection of
polyunsaturated fatty acids in the rumen not only is
essential for the ruminant itself but it also enhances the
quality of milk and meat, which may contain higher
concentrations of omega-3 fatty acids if the animals
are fed with forages rich in PPO or phenolic compounds
(Vasta and Luciano 2011;Willems et al. 2014). Also, the
mitigation of ruminal methane production can be
achieved by the same phenolic substances in the diet,
which, however, also implies a partial inhibition of
rumen efficiency (Jayanegara et al. 2013).
Ruminal fermentation rate:























Fig. 1 Possible framework of a
research and development agenda
for optimized low-concentrate
feeding systems for dairy cows
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Finally, dietary protein can build complexes with
tannins, thus being protected from degradation in the
rumen. This reduces ammonia concentrations and can,
in optimal conditions, lead to a better protein utilization
and lower excretion of urea into the environment
(Piluzza et al. 2013).
These examples should introduce a perspective, in
which not a maximal but rather a reduced rumen fer-
mentation would be the goal to achieve an optimum in
animal health, product quality and environmental im-
pact. Also, a low dietary protein supply, which might
impair maximal microbial growth in the rumen, could
be justified and reasonable in this context. However, it is
necessary to note that this is only one perspective and
many other aspects like the degree of fibre utilization
and the metabolic animal health have to be kept in mind
to achieve a sustainable system.
Defining optimal rather than maximal rumen func-
tion as a goal in organic livestock systems would require
large and manifold research activities under controlled
as well as under practice conditions in order to find the
real optima and the management options to achieve
them. The target could be to develop new feeding rec-
ommendations for dairy cows in low-concentrate feed-
ing systems. Figure 1 displays important aspects for the
development of such an organic or forage-based feeding
recommendation system. These aspects would have to
be addressed in future research for low-input ruminant
systems.
Conclusion
On the background of the global challenge concerning the
reduction of protein concentrates for livestock and of the
indicated ability of dairy cattle to cope with protein sup-
plies which are lower than recommended, it appears to be
necessary to reassess the dietary protein needs of dairy
cows fed on high-roughage diets. Further, it seems to be
promising to investigate the specific conditions under
which dairy cows can cope with low dietary protein
supplies. This should be done in the context of a general
investigation about the optimal rates of rumen function,
which might be below the maximum, if animal behaviour
and health, environmental impacts and product quality are
considered. In this sense, the resigning of protein concen-
trates from dairy cows’ diets in organic farming could be a
chance to reconsider the feeding paradigms for ruminant
production in a broad perspective.
References




Bodas R, Prieto N, Garcia-Gonzalez R, Andres S, Giraldez FJ,
Lopez S (2012) Manipulation of rumen fermentation and
methane production with plant secondary metabolites.
Anim Feed Sci Technol 176:78–93
Buccioni A, Decandia M, Minieri S, Molle G, Cabiddu A (2012)
Lipid metabolism in the rumen: new insights on lipolysis and
biohydrogenation with an emphasis on the role of endoge-
nous plant factors. Anim Feed Sci Technol 174:1–25
Chilliard Y, Glasser F, Ferlay A, Bernard L, Roul J, Doreau M
(2007) Diet, rumen biohydrogenation and nutritional quality of
cow and goat milk fat. Eur J Lipid Sci Technol 109:828–855
Clauss M, Hume ID, Hummel J (2010) Evolutionary adaptations
of ruminants and their potential relevance for modern pro-
duction systems. Animal 4:979–992
Furger M, Kunz P, Schaffner M, Schwarzenberger M, Bürgisser
M, Peer G, Brandenburger C (2013) Hochleistungskühe
füttern: mit oder ohne Kraftfutter? ETH-Schriftenreihe zur
Tierernährung 36:11–25
GfE (Gesellschaft für Ernährungsphysiologie - Ausschuss für
Bedarfsnormen) (2001) Empfehlungen zur Energie- und
Nährstoffversorgung der Milchkühe und Aufzuchtrinder.
DLG, Frankfurt am Main, Germany
Jayanegara A, KreuzerM,Wina E, Leiber F (2011) Significance of
phenolic compounds in tropical forages for the ruminal by-
pass of polyunsaturated fatty acids and the appearance of
biohydrogenation intermediates as examined in vitro. Anim
Prod Sci 51:1127–1136
Jayanegara A, Marquardt S, Wina E, Kreuzer M, Leiber F (2013)
In vitro indications for favourable non-additive effects on
ruminal methane mitigation between high-phenolic and
high-quality forages. Br J Nutr 109:615–622
Kälber T, Meier JS, Kreuzer M, Leiber F (2011) Flowering catch
crops used as forage plants for dairy cows: influence on fatty
acids and tocopherols in milk. J Dairy Sci 94:1477–1489
Kälber T, Kreuzer M, Leiber F (2012) Silages containing buck-
wheat and chicory: quality, digestibility and nitrogen
utilisation by lactating cows. Arch Anim Nutr 66:50–65
Leiber F, Kreuzer M, Leuenberger H, Wettstein HR (2006)
Contribution of diet type and pasture conditions to the influ-
ence of high altitude grazing on intake, performance and
composition and renneting properties of the milk of cows.
Anim Res 55:37–53
Lyman TD, Provenza FD, Villalba JJ, Wiedmeier RD (2011)
Cattle preferences differ when endophyte-infected tall fescue,
birdsfoot trefoil, and alfalfa are grazed in different sequences.
J Anim Sci 89:1131–1137
Pelletier N, Tyedmers P (2010) Forecasting potential global envi-
ronmental costs of livestock production 2000-2050. PNAS
107:18371–18374
Piluzza G, Sulas L, Bullitta S (2013) Tannins in forage plants and
their role in animal husbandry and environmental sustainabil-
ity: a review. Grass Forage Sci 69:32–48
Sinclair AJ, Attar-Bashi NM, Li D (2002) What is the role of
alpha-linolenic acid for mammals? Lipids 37:1113–1123
272 Org. Agr. (2014) 4:269–273
Staerfl SM, Amelchanka SL, Kälber T, Soliva CR, Kreuzer M,
Zeitz JO (2012) Effect of feeding dried high-sugar ryegrass
(‘AberMagic’) on methane and urinary nitrogen emissions of
primiparous cows. Livest Sci 150:293–301
Van Soest PJ (1994) Nutritional ecology of the ruminant. Cornell
University press, Ithaca
Vasta V, Luciano G (2011) The effects of dietary consumption of
plants secondary compounds on small ruminants’ products
quality. Small Rum Res 101:150–159
Villalba JJ, Provenza FD, Manteca X (2010) Links between rumi-
nants’ food preference and their welfare. Animal 4:1240–1247
Von Witzke H, Noleppa S, Zhirkova I (2011) Fleisch frisst Land.
WWF-Studie, WWF Germany, Berlin
Westwood CT, Lean IJ, Kellaway RC (1998) Indications and
implications for testing of milk urea in dairy cattle: a quanti-
tative review. Part 1. Dietary protein sources andmetabolism.
N Z Vet J 46:87–96
Willems H, Kreuzer M, Leiber F (2014) Alpha-linolenic and
linoleic acid in meat and adipose tissue of grazing lambs
differ among alpine pasture types with contrasting plant
species and phenolic compound composition. Small Rum
Res 116:153–164
Org. Agr. (2014) 4:269–273 273
